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where k is Boltzmann's constant, q is the electric charge, T is the
absolute temperature (kT/q some- The  invention  relates to a
voltage/current       times being referenced as [err]), [err] is the
collecter [err] connected between a positive and a nega-         current,
and [err] is the transistor saturation current tive voltage supply rail,
comprising:             5   which is proportional to the emitter area (or a
cross-coupled current stabilizer means com-     "width"). Since the
amplifier of Figure 1 causes the prising first and second bipolar
cross-coupled tran-  currents [err] and [err] to be nearly equal, upon bal-
sistors each having an emitter, where the emitter     ancing the voltages,
and in accord with equation area of said first transistor is larger than
the emitter  (1), [err] is found to be equal to [err] 1n[err] where area of
the second transistor, a third bipolar transis-  10  the QB to QA emitter
area ratio KPA has no signifi- tor having an emitter coupled to a collector
of said  cant dependence on [err], T, or processing param- second
transistor, a fourth transistor arranged as a  eters. As a result, the
output voltage [err] is given by: diode and having a base coupled to a base
of said third transistor, an emitter coupled to a collector of
[err] said first transistor and a collector coupled to the   15   [err]
(2) positive rail, the emitter of the second transistor being coupled to
the negative rail,                    Those skilled in the art will
immediately appreciate a first resistor coupled between the emitter of
that equation (2) is of the bandgap type with the the first transistor and
the negative rail,           first term having a positive, largely linear
coefficient a second resistor coupled between the positive   20   of
temperature [err] and the second term having a [err] and a collector of the
third transistor,             negative largely linear coefficient of
temperature [err] a fifth transistor having a collector coupled to   due to
the strong dependence of ISA on T. By the positive rail,
suitably choosing RA and RB (or the ratio thereof), said first to fifth
bipolar transistors being all of  [err] can be made largely temperature
independent. like polarity,                                   25   However,
one disadvantage of the prior art circuit a current mirror means for
mirroring a current     of Figure 1 is that frequency-compensation
circuitry flowing in one of said cross-coupled transistors, an  must be
used with the amplifier. Also, the use of emitter of the fifth transistor
being coupled to an   PNP transistors is difficult to avoid if the
amplifier output of the current mirror means                    is to
operate efficiently. Such a voltage/current source is known from    30
Turning to Figure 2, a voltage/current source United States Patent US
4,491,780, figure 3.          prior art circuit as defined in the opening
paragraph This invention broadly relates to solid state     is seen. This
circuit is known from  U.S. Patent integrated current and voltage reference
sources      3,930,172. Block 10 of Figure 2 is essentially com- which are
independent of supply line voltages.        prised of a cross coupled
current stabilizer having More particularly, this invention relates to a
stabi-  35  transistors Q1, Q2, Q3 and Q4, with the collector- lized
current or a stabilized voltage reference       base junction of transistor
Q1 being coupled to source where the provided current or voltage is
effectively form a diode, a resistor R1 connected both temperature
compensated and independent of       between the voltage supply Vcc and the
collector supply line voltage changes.                          of
transistor Q1, and a resistor R3 coupled between In providing a current or
voltage source, it is  40   ground and the emitters of transistor Q4. With
the desirable that the output current or voltage vary as  arrangement of
block 10, which is described in little as possible regardless of the change
in tem-  detail in U.S. Patent 3,930,172, and with the bal- perature or
supply voltage. It is also desirable to   ancing of the voltages, in accord
with equation (1), avoid the use of PNP transistors in the circuit as
the following is true: the fabrication of precision PNP transistors has
45 proved difficult. With the foregoing in mind, various   [err] current
and voltage sources have been proposed.       [err]   (3a) A prior art
voltage source which is substantially temperature independent is seen in
Figure 1. The      With transistors Q1 and Q3 having equal emitter circuit
of Figure 1 basically comprises an amplifier,  50   areas, [err]  due to
the fact that substantially two transistors QA1 and QB1, and two resistors
the identical current [err] flows through both transis- RA1 and RB1. In
reviewing the operation of the        tors Q1 and Q3. circuit of Figure 1,
it is important to recall that the  Hence, base-to-emitter voltage [err] of
an NPN transistor is given approximately as:                          55
[err]    (3b) [err]  (1)                           where the Q4 -to-Q2
emitter area ratio [err] is substantially independent of [err], T, and
processing 2    
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Neglecting the small variation of R3          Additional transistors and
resistors are utilized with T, [err] is proportional to T but has
substantially  in accord with various embodiments of the inven- --no
dependence on the high voltage supply value        tion to provide a
current source, a multiple current [err].
source, and voltage and current sources which are The addition of block 12
of Figure 2 to block    5   stabilized with respect to temperature. In
order to 10 provides a voltage reference in combination with   create a
positive supply voltage independent cur- a current source as might be
suggested by Saul et     rent source from the voltage/current source, an
al., "An 8-bit, 5ns Monolithic D/A Converter Sub-     additional transistor
is provided with its base coup- system", IEEE JSSC, Dec, 1980, pp.
1033-1039.         led to the voltage output (emitter of the fifth transis-
While the provided arrangement substantially elimi-  10  tor), and its
emitter coupled to the negative rail. In nates the temperature dependence
of [err] and uses       arranging  a  temperature  independent voltage only
NPN transistors, [err] is referenced to the posi-   source according to one
embodiment, a third resis- tive rail Vcc and cannot be used in applications
tor is coupled between the base of the fifth transis- requiring that [err]
be referenced to the negative rail  tor and the collector of the fourth
transistor, while a (often ground). A similar result (temperature com-   15
fourth resistor is coupled between the additional pensated voltage
reference circuit) is also found in  transistor and the negative rail. If
desired, a further U.S. Patent #4,491,780 to Neidorff where the output
transistor is provided with its collector coupled to voltage is also
referenced to the positive rail.      the positive rail, its emitter
coupled to the third It is therefore an object of this invention to
resistor, and its base coupled to the collector of the provide
voltage/current sources which are indepen-   20  third transistor. dent of
the voltage of the positive supply line.             A multiple-current
source is created by the use It is a further object of this invention to
provide  of a plurality of transistors and resistors arranged in a
temperature compensated voltage/multiple-cur-       an identical manner to
and in parallel to the addi- rent source which is referenced to the
negative       tional transistor and fourth resistor. If desired, addi-
supply line.                                     25  tional transistors in
cascode relationship may be It is yet another object of this invention to
added between the positive and negative rails with provide    a
temperature     compensated         the base of the first cross-coupled
transistor coup- voltage/multiple-current source which includes tran-  led
to the base of one of the cascoded transistors, sistors of only one type
and which is referenced to   the base of the fourth transistor coupled to
the the negative supply line.                        30   base of the other
cascoded transistor, and the In accord with the objects of the invention a
coupled emitter and collector of the cascoded tran- voltage/current source
is characterized in that the   sistors coupled to the base of the
additional tran- base of the fifth transistor is coupled to the collec-
sistor. A temperature Independent multiple-current tor of the fourth
transistor and in that the current  source may be obtained by taking the
afore-sum- flowing in one of said cross-coupled transistors is  35
marized basic current source, adding a diode coup- the collector current of
the second transistor. In this  led between the collector of the fourth
transistor- configuration the current of the second transistor is  diode
and the collector of the third transistor, and mirrored to the fifth
transistor. The base-emitter    by adding another transistor with its
collector and voltages of the second and the fifth transistors are
emitter coupled about the fourth resistor and its therefore equal. The
voltage at the base of the fifth   40   base coupled to the emitter of the
third transistor. transistor is equal to the sum of the base-emitter
Of course, with the provided circuitry, and as voltages of the fourth and
second transistors. The    will be described in detail hereinafter, the
resis- voltage at the emitter of the fifth transistor is thus  tances and
the transistor emitter areas should be equal to base-emitter voltage of the
fourth transis-  carefully chosen to obtain desired results. Also, tor if
the base of the fifth transistor is directly   45   advantageously, all of
the transistors are NPN-type connected to the collector of the fourth
transistor. If  transistors. A better understanding of the invention, the
base of the fifth transistor is coupled to the    and additional advantages
and objects of the inven- collector of the fourth transistor via a resistor
or  tion will become apparent to those skilled in the art another coupling
element, the voltage drop across     upon reference to the detailed
description and the this element is determined by the current through   so
accompanying drawings, wherein the fourth transistor. This current is, as
demon-        Figure 1 is a circuit diagram of. a substantially strated
above, independent on the positive supply       temperature independent
voltage source of the voltage. For the same reason the base-emitter volt-
prior art: age of the fourth transistor is independent on the       Figure
2  is another circuit diagram  of a positive supply voltage. This means
that the volt-  55   current/voltage source of the prior art; age at the
emitter of the fifth transistor is indepen-   Figure 3a is a circuit
diagram  of a positive dent on the voltage on the positive supply rail.
supply  voltage  independent  voltage/current source of the invention; 3   



5        EP 0 329 232 B1                       6 Figure 3b is a circuit
diagram  of a preferred      current. Transistor T6 has a collector coupled
to temperature and positive voltage supply inde-      the positive supply
rail, and a base coupled to the pendent voltage source and positive voltage
collector of transistor T4. supply independent current source of the inven-
Turning to Figure 3b, the circuitry of Figure 3a, tion;
5   including transistors T1-T6, and resistors R1 and Figure 4 is a circuit
diagram of one embodiment     R2 are left intact, and an additional
resistor R3 and of a positive supply voltage independent mul-       an
additional transistor T7 are provided. Resistor tiple current source of the
invention;              R3 couples the collector-base of transistor T4 to
Figure 5a is a circuit diagram  of a preferred      the base of cascode
transistor T6, while transistor temperature independent current source of
the   10   T7 has its base coupled to the collector of transis- invention;
and                                     tor T3, its collector coupled to
the positive supply Figure 5b is a circuit diagram of an alternative
rail, and its emitter coupled to the base of transistor embodiment of the
output circuitry of the pre-      T6. As will be discussed hereinafter, the
current ferred temperature independent current source       source
circuitry includes an additional resistor (R4) of the invention.
15   beyond the transistor (T8) shown in Figure 3a. Turning to Figure 3a, a
circuit diagram of the        With the provided voltage source arrangements
preferred voltage/current source of the invention is  of Figures 3a and 3b,
the following relationship is seen. At the core of the circuit, a
cross-coupled     obtained: current stabilizer means is provided comprising
first and second cross-coupled transistors T1 and   20     [err]      (4)
[err], and third and fourth transistors T3 and T4. The emitter of
transistor T3 is coupled to both the       where [err] is the current
through transistor [err]. Be- collector of cross-coupled transistor T2 and
the      cause a substantially equal current (which is ap- base of
cross-coupled transistor T1, while the emit-  proximately equal to [err] -
[err] flows through ter of cross-coupled transistor T4 is likewise coup-
25   both transistors T3 and T2 (ignoring base currents), led to both the
collector of cross-coupled transistor  the base-emitter voltage drop of
transistors T3 and T1 and the base of cross-coupled transistor T2. As    T2
are substantially equal as the emitter areas of indicated in Figure 3a,
transistors T3 and T4 are     transistors T3 and T2 are equal. Hence,
relation- arranged with common bases, transistor T4 is ar-      ship (4)
may be simplified to [err] = [err] + [err]. ranged as a diode having its
base coupled to its  30   Because substantially equal current also flows
collector, and transistor T1 is provided with an      through transistors
T4 and T1, in accord with equa- emitter area p times larger than the
emitter area of  tion (1): T2. The emitter of cross-coupled transistor T2
is preferably connected to the negative rail (ground),   [err] while the
emitter(s) of cross-coupled transistor T1   35  (5) Is coupled to the
negative rail through resistor R1. The collector of transistor T3 is
coupled to the      where [err] is the saturation current of transistor T2.
positive rail (Vcc) via resistor R2. The collector of  Combining simplified
relationship (4) with equation transistor T4 also may be coupled to Vcc via
(5), it is seen that: resistor R2. It should be noted that transistors T1,
40 T2, T3 and T4, as well as all the transistors to be     [err]     (6)
recited hereinafter are preferably of the same po- larity: preferably
NPN-type. Also, it should be       Thus, for Figure 3a, the voltage at the
base of noted that all of the transistors, unless otherwise   transistor T6
is determinable as [err] , while indicated, preferably have substantially
identical   45  for Figure 3b, the voltage at the emitter of T7 is emitter
areas, i.e. emitter areas equal to the emitter  then determinable as [err]
+ [err] + (R3/R1) {- area of transistor T2.
(kT/q) In(p)}. As a result, in either case, when the Completing the voltage
source arrangement,         supply voltage varies, the current through the
tran- transistors T5 and T6 are arranged in cascode         sistor T2
varied and causes [err] to vary, which relationship. Transistor T5 has an
emitter coupled   so  results in a variation of the voltage at the base of
to the negative supply rail, a base coupled to the    transistor T6.
However, with the provision of tran- base of transistor T2, and a collector
coupled to     sistors T5 and T6, the voltage output can be de- the emitter
of transistor T6 and to the voltage       coupled from changes in the
supply voltage, and in output. In this arrangement, transistor T5 acts as a
the case of Figure 3b can be made to be as current mirror in conjunction
with transistor T2, with   55  substantially temperature independent. the
collector current of transistor T2 being the          As aforementioned,
transistor T5 is arranged to current mirror input current, and the
collector cur-  provide a current mirror in conjunction with transis- rent
of transistor T5 being the current mirror output  tor T2 (i.e. the
transistors are arranged in parallel). 4  
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whatever current mirror input current   the width of transistor T8 is half
that of T2, the flows through transistor T2, a substantially equal
resistance of resistor R4 should be twice that of current mirror output
current flows through transis-  resistor R3. Regardless, it will be
appreciated with tor T5. Also, because transistors T5 and T6 are in
respect to the provided current source arrange- cascode  relationship,
whatever current flows   5   ments as opposed to the voltage source
arrange- through transistor T5 is pulled from and through      ments, that
the added transistors T8 (and resistor transistor T6. Hence, the
base-emitter voltage drop   R4) add additional temperature dependence. The
across transistor T6 is substantially equal to the    temperature
dependence can be eliminated, how- base-emitter voltage drop across
transistor T2.       ever, as will be discussed hereinafter with respect
With the voltage output being located at the emitter   10  to Figure 5. of
transistor T6, for Figure 3a:                         Turning to Figure 4,
a multiple current source is provided which permits heavy loading of the
[err]     (7a)                         current source by the output
circuits. The core of the cross-coupled current stabilizer means com- while
for Figure 3b,                             15  prised of transistors T11,
T12,T13 and T14, with resistors R11 and R12 is identical to the arrange-
[err]                                                  ment of that of
Figure 3b. Likewise, resistor R13 [err]   (7b)
and transistor T17 are arranged identically to resis- tor R3 and transistor
T7, as is transistor T16 rela- With [err] equal to [err], relationships
(7a) and (7b)   20  tive to transistor T6. However, two additional tran-
respectively simplify to:                            sistors T19 and T20
are added to the circuit, and transistor T15 is arranged differently than
transistor [err]      (8a)                                     T5 of Figure
3b. Thus, transistor T19 is connected in parallel with cross-coupled
transistor T11 and [err]   (8b)                                25  resistor
R11 with the base of transistor T19 being connected to the base of
cross-coupled transistor Relationships (8a) and (8b) are completely inde-
T11, and the emitter of transistor T19 being coup- pendent of reliance on
the positive supply voltage    led to ground. The collector of transistor
T19 is Vcc and hence are stabilized. Moreover, with re-      coupled to the
base of transistor T15 (which is spect to Figure 3b and relationship (8b),
by adjust-  30   otherwise arranged as transistor T5 of Figure 3b), ing R3
properly (given a particular R1 and emitter    as well as to the emitter of
cascode transistor T20. width ratio p), the output voltage may be arranged
The base of transistor T20 is coupled to the base to be the bandgap voltage
of silicon which is tem-    of transistor T14, and the collector of
transistor T20 perature independent.                                is
coupled to the positive voltage rail Vcc. Loading In providing a current
source for Figure 3a, an   35  the voltage output [err] are a plurality of
transistors additional transistor T8 is added to the provided     with
resistors coupling their emitters to the negative voltage source, while in
Figure 3b, transistor T8     rail. As seen in Figure 4, a first set of
transistors and resistor R4 are added to the provided voltage     T18a and
T18b with resistors R14a and R14b are source. The base of transistor T8 is
connected to     shown as providing current outputs from the volt- the
voltage source output (i.e. the emitter of tran-   40   age output obtained
at the junction of transistors sistor T6) while the emitter of transistor
T8 is      T15 and T16. However, if desired, and as shown in coupled to
ground via resistor R4 (for Fig. 3b). The  phantom, one or more additional
blocks of multiple collector of transistor T8 is considered the current
current source output circuitry can be provided source output node. If a
multiple current source is  such as by providing transistors T25 and T26 in
desired, a plurality of additional transistors or tran-   45   parallel
with transistors T15 and T16 and by provid- sistors and resistors arranged
in the same manner    ing transistors T28a, T28b... and resistors R24a, as
and in parallel to transistor T8 and resistor R4   R24b... therewith. can
be provided. With the same emitter areas and         With the provided
arrangement of Figure 4, the resistances, the provided current sources will
pro-   base to emitter voltage of transistor T15 is deter- vide equal
currents. Or, if desired, by arranging the   50   mined as: emitter areas
and resistances as desired, binary weighted currents, decimally weighted
currents, or      [err]   (9) other desired outputs could be provided. In
both the Figure 3a and Figure 3b embodi-       Because transistor T11 has a
large emitter area ments of the single current source, the emitter area
55  and a resistor R11 attached to its emitter, and of T8 is set to be
equal to the emitter area of       because transistor T19 has its base
coupled to the transistor T2, while in Figure 3b, the resistance of  base
of transistor T11, the current through transis- R4 is set to the resistance
of R3. Alternatively, if  tors T19 and T11 can be arranged to be equal. 5 
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current through transistor T20 can be      T35. As a result, the output
voltage at the emitter equal to the current through transistor T14. With
of transistor T36 is equal to [err] (i.e. [err] + [err] emitter areas of
transistors T14 and T20 being   [err] + [err] - [err]) when [err] = [err].
[err], the base emitter voltage drops across the       The [err] voltage is
applied to the base of transis- two transistors are substantially equal,
and relation-   5   tor T38 having degeneration resistor R34 coupling ship
(9) reduces to [err] = [err]. As a result, the   its emitter to the
negative rail. Without transistor current through transistor T15 varies in
the same     T44 connected, a voltage drop equal to approxi- manner as the
input current through transistor T12.   mately [err] is generated across
degeneration re- With transistors T15 and T16 in cascode relation-
sistor R34 thereby giving the current through R34 a ship, the current
through transistor T16 likewise   10  negative temperature coefficient.
With transistor varies in the same manner as the current through     T44
connected, the base-emitter voltage of transis- transistor T12. Hence, the
output voltage [err] is    tor T44 must be equal to the voltage drops
across equal to [err] + (R13/R11) {(kT/q)In(p)} , and        the
base-emitter junction of transistor T31 and re- represents the same
stabilized voltage which is      sistor R31. Hence, the collector current
of transistor seen at the voltage output in Figure 3b. Again, the   15
T44 is substantially equal to the collector currents output currents
flowing through the various output    of transistors T31 and T34 which have
a positive transistors and resistors can be controlled as de-   temperature
coefficient. Adding  the  currents sired, but are still somewhat
temperature depen-      through transistor T44 and the current through re-
dent.                                                 sistor R34 together
results in an output current with The multiple current source arrangement
of   20  an adjustable temperature coefficient. In order to [err] 4 permits
heavier loading on the output as      create an output current which is
substantially in- transistors T19 and T20 decouple the loading of
dependent of temperature, the value of resistor the multiple current
sources from  the stabilized     R34 can be chosen to be approximately
equal to cross-coupled circuit T11, T12, T13, T14. Transis-   the bandgap
voltage of silicon divided by the out- tor T17 operates as a current gain
stage and sup-   25   put current [err]. By adjusting R31 properly, a plies
current to the base of the multiple output      desired output current is
obtained. current sources (T16, T26 ... ) and resistor R13. In    Figure 5b
shows an alternative manner of ar- this way, the operation of the basic
stabilizer is not  ranging the output circuitry of Figure 5a to create a
influenced by the output loading.
temperature-independent current source. Thus, in- Turning to Figure 5a, a
temperature-indepen-   30  stead of providing transistor T44 in the
previously dent, positive rail-independent current source is     discussed
manner, two transistors T54a and T54b seen. Again, the core cross-coupled
current stabi-    are provided in cascode relationship. Transistor lizer
circuit including cross-coupled transistors T31  T54a has its base coupled
to the emitter of transis- and T32, and transistors T33 and T34 are
provided     tor T36 as well as to the base of transistor T38, Its with
resistor R31 coupling the emitter of transistor   35   collector coupled to
the collector of transistor T38 T31 to ground. Also, as with Figures 3b and
4, a      (i.e. to the current source output), and its emitter resistor R32
is provided which couples the collec-    coupled to the collector-base of
transistor T54b. tor of transistor T33 with the positive rail, and     The
emitter of transistor T54b is coupled to the cascoded transistors T35 and
T36 are arranged         negative rail. In a similar manner to the output
[err] transistor T35 mirroring the current through   40   arrangement of
Figure 5a, the temperature coeffi- transistor T32, and the voltage output
being at the   cient of the current flowing through transistors T54a
emitter of transistor T36. However, instead of using  and T54b may be
balanced with the temperature a resistor such as R3 or R13, and a
transistor such  coefficient of the current flowing through transistor as
T7 and T17, a transistor-diode T37 is provided     T38 and resistor R34 to
provide the substantially with its emitter coupled to the collector-base of
45  temperature independent current source. transistor T34, and its
collector-base coupled to the    With respect to both Figures 5a and 5b, a
base of transistor T36 as well as to resistor R32.    multiple current
source which is independent of Also, preferably an additional transistor
T44 is pro-  temperature may be obtained. In Figure 5a, a plu- vided with
its collector coupled to a node between    rality of transistors can be
connected with their the output transistor T38 and its associated emitter
50   bases coupled to the base of transistor T38 and resistor R34, its base
coupled to the collector of   their emitters coupled to resistors which are
coup- transistor T32, and its emitter coupled to the nega-  led to the
negative rail. Likewise, a plurality of tive rail.
transistors such as transistor T44 can be coupled With the provided
arrangement of Figure 5a, a     to the base of transistors T31 and T44 with
their voltage variation in the positive rail will cause a   55  collectors
coupled to the emitters of their respec- variation in current through
transistor T32 which is  tively associated output transistors and their
emit- mirrored by transistor T35 and hence by transistor   ters coupled to
the negative rail. The current out- T36 which is in cascode relationship
with transistor  puts can be made temperature independent by 
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choosing the values of their respective         coupled to a collector of
said second transistor degeneration resistors. Of course, resistor R31
(T2) and in that the emitter of the fourth tran- - must likewise be chosen
carefully.                        sistor (T4) is coupled to a collector of
said first In a similar manner to the creation of multiple
transistor (T1). current sources from the output circuitry of Figure    5
5a, multiple current sources can be created with      2. A voltage/current
source according to Claim 1, the output circuitry of Figure 5b. For each
desired       wherein: current source three additional transistors and one
said current mirror means comprises a degeneration resistor are used and
arranged in a          sixth bipolar transistor (T5) in conjunction with
similar manner to transistors T54a, T54b, and T38,   10   said second
cross-coupled transistor (T2), said and resistor R34 of Figure 5b. Thus,
two additional       sixth transistor (T5) having a base coupled to a
transistors having coupled bases and coupled col-         base of said
second cross-coupled transistor lectors would have their bases coupled to
the base        (T2), an emitter coupled to an emitter of said of
transistor T38 (their collectors not being coupled     second cross-coupled
transistor (T2), and a to the collector thereof). An additional transistor
15  collector coupled to said emitter of said fifth arranged as a diode
would couple the emitter of           transistor (T6), wherein said
collector of said one transistor to the negative rail, while the degen-
second cross-coupled transistor (T2) is an in- eration resistor would
couple the emitter of the          put of said current mirror. other
transistor to the negative rail. 20   3. A voltage/current source according
to Claim 1 Claims                                                 or 2,
further comprising: a third resistor (R3) coupling said base 1. A
voltage/current source connected between a           and collector of said
fourth transistor (T4) to a positive and a negative voltage supply rail,
base of said fifth bipolar transistor (T6). comprising:
25 a cross-coupled current stabilizer means       4. A voltage/current
source according to Claim 3, comprising first (T1) and second (T2) bipolar
further comprising: cross-coupled transistors each having an emit-
a seventh bipolar transistor (T7) of like ter, where the emitter area of
said first transis-     polarity having an emitter coupled to a base of tor
(T1) is larger than the emitter area of the   30  said fifth transistor
(T6), a base coupled to said second transistor (T2), a fourth transistor
(T4)      collector of said third transistor (T3), and a arranged as a
diode and having a base coup-           collector coupled to said positive
rail. led to a base of a third bipolar transistor (T3) and a collector
coupled to the positive rail, the  5. A voltage/current source according to
Claim 3, emitter of the second transistor (T2) being   35      wherein:
coupled to the negative rail,                             said third (T3),
fourth (T4), and fifth (T6) a first resistor (R1) coupled between the
transistors have emitter areas substantially emitter of the first
transistor (T1) and the nega-    equal to the emitter of said second (T2)
tran- tive rail,                                            sistor. a
second resistor (R2) coupled between   40 the positive rail and a collector
of the third     6. A voltage/current source according to Claim transistor
(T3),                                       1,2,3,4 or 5, characterized by
a fifth transistor (T6) having a collector            at least one eighth
bipolar output transistor coupled to the positive rail,
(T8) of like polarity, each eighth output transis- said first to fifth
bipolar transistors being all  45  tor (T8) having a base coupled to said
emitter of like polarity,                                     of said fifth
transistor (T6), and each eighth a current mirror means for mirroring a
cur-        output transistor (T8) having a collector with a rent flowing
in one of said cross-coupled tran-       node coupled thereto acting as a
current sistors, an emitter of the fifth transistor (T6)      source. being
coupled to an output of the current mir-  50 ror means,
7. A voltage/current source according to Claim 6, characterized in that the
base of the fifth tran-     further comprising: sistor (T6) is coupled to
the collector of the            at least one fourth resistor (R4), each
fourth transistor (T4), in that said mirrored cur-    fourth resistor (R4)
coupling an emitter of one rent flowing in one of said cross-coupled tran-
55  eighth output transistor (T8) to said negative sistors is the collector
current of the second        rail. transistor (T2), 
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EP 0 329 232 B1                     12 carefully choosing the values of
their respective            coupled to a collector of said second
transistor degeneration resistors. Of course, resistor R31
(T2) and in that the emitter of the fourth tran- must likewise be chosen
carefully.                           sistor (T4) is coupled to a collector
of said first In a similar manner to the creation of multiple
transistor (T1). current sources from the output circuitry of Figure    5
5a, multiple current sources can be created with         2. A
voltage/current source according to Claim 1, the output circuitry of Figure
5b. For each desired         wherein: current source three additional
transistors and one             said current mirror means comprises a
degeneration resistor are used and arranged in a            sixth bipolar
transistor (T5) in conjunction with similar manner to transistors T54a,
T54b, and T38,   10     said second cross-coupled transistor (T2), said and
resistor R34 of Figure 5b. Thus, two additional         sixth transistor
(T5) having a base coupled to a transistors having coupled bases and
coupled col-           base of said second cross-coupled transistor lectors
would have their bases coupled to the base          (T2), an emitter
coupled to an emitter of said of transistor T38 (their collectors not being
coupled        second cross-coupled transistor (T2), and a to the collector
thereof). An additional transistor   15     collector coupled to said
emitter of said fifth arranged as a diode would couple the emitter of
transistor (T6), wherein said collector of said one transistor to the
negative rail, while the degen-        second cross-coupled transistor (T2)
is an in- eration resistor would couple the emitter of the             put
of said current mirror. other transistor to the negative rail. 20   3. A
voltage/current source according to Claim 1 Claims
or 2, further comprising: a third resistor (R3) coupling said base 1. A
voltage/current source connected between a             and collector of
said fourth transistor (T4) to a positive and a negative voltage supply
rail,             base of said fifth bipolar transistor (T6). comprising:
25 a cross-coupled current stabilizer means         4. A voltage/current
source according to Claim 3, comprising first (T1) and second (T2) bipolar
further comprising: cross-coupled transistors each having an emit-
a seventh bipolar transistor (T7) of like ter, where the emitter area of
said first transis-       polarity having an emitter coupled to a base of
tor (T1) is larger than the emitter area of the   30     said fifth
transistor (T6), a base coupled to said second transistor (T2), a fourth
transistor (T4)         collector of said third transistor (T3), and a
arranged as a diode and having a base coup-              collector coupled
to said positive rail. led to a base of a third bipolar transistor. (T3)
and a collector coupled to the positive rail, the    5. A voltage/current
source according to Claim 3, emitter of the second transistor (T2) being
35        wherein: coupled to the negative rail,
said third (T3), fourth (T4), and fifth (T6) a first resistor (R1) coupled
between the           transistors have emitter areas substantially emitter
of the first transistor (T1) and the nega-       equal to the emitter of
said second (T2) tran- tive rail,
sistor. a second resistor (R2) coupled between   40 the positive rail and a
collector of the third       6. A voltage/current source according to Claim
transistor (T3),                                         1,2,3,4 or 5,
characterized by a fifth transistor (T6) having a collector              at
least one eighth bipolar output transistor coupled to the positive rail,
(T8) of like polarity, each eighth output transis- said first to fifth
bipolar transistors being all  45  tor (T8) having a base coupled to said
emitter of like polarity,                                        of said
fifth transistor (T6), and each eighth a current mirror means for mirroring
a cur-          output transistor (T8) having a collector with a rent
flowing in one of said cross-coupled tran-         node coupled thereto
acting  as a current sistors, an emitter of the fifth transistor (T6)
source. being coupled to an output of the current mir-   so ror means,
7. A voltage/current source according to Claim 6, characterized in that the
base of the fifth tran-        further comprising: sistor (T6) is coupled
to the collector of the              at least one fourth resistor (R4),
each fourth transistor (T4), in that said mirrored cur-      fourth
resistor (R4) coupling an emitter of one rent flowing in one of said
cross-coupled tran-   55    eighth output transistor (T8) to said negative
sistors is the collector current of the second          rail. 



transistor (T2), in that the emitter of the third transistor (T3) is 7
13                  EP 0 329 232 B1                      14 8.  A
voltage/current source according to Claim 7,     13. A voltage/current
source according to Claim 6, wherein:
further comprising: said at least one eighth output transistor
an eleventh bipolar transistor (T37) of like (T8) comprises a plurality of
output transistors        polarity arranged as a diode having an emitter
and said at least one fourth resistor (R4) com-   5  and a collector
coupled to the collector of said prises a corresponding plurality of fourth
resis-     fourth transistor (T34) and the base of the fifth tors (R4).
transistor (T36) respectively, at least one twelfth bipolar transistor
(T44) 9. A voltage/current source according to Claim 7,         of like
polarity for each eighth transistor (T38), further comprising:
10      each twelfth transistor (T44) having a base an ninth bipolar
transistor (T20) of  like         coupled to said collector of said first
cross- polarity having a base coupled to a base of           coupled
transistor (T31), a collector coupled to said fourth transistor (T4, T14),
a collector         said emitter of its corresponding eighth output coupled
to said positive rail and an emitter          transistor (T38), and an
emitter coupled to said coupled to a base of said sixth transistor (T5,
15   negative rail. T15), and a tenth bipolar transistor of like polarity
14. A voltage/current source according to Claim (T19) having a collector
coupled to said base          13, wherein: of said sixth transistor (T5,
T15), a base coup-          said at least one fourth resistor (R4) is led
to said base of said first cross-coupled   20     chosen to have a
resistance substantially equal transistor (T1, T11), and an emitter coupled
to       to the bandgap voltage of silicon divided by an said negative
rail.                                    output current flowing to a
collector of a re- spective eighth transistor (T8), 10. A voltage/current
source according to Claim 9, further comprising:
25   15. A voltage/current source according to Claim one or more stages
coupled to said emit-           13, the at least one twelfth transistor
(T44) ter of said ninth transistor (T20) and said emit-      being replaced
by an at least one thirteenth ter of said seventh transistor (T7, T17),
each         bipolar transistor (T546) of like polarity for stage
comprising a plurality of transistors            each of said eighth
transistors (T38), said thir- (T26,T25,T28) and at least one resistor (R24)
30    teenth transistor having a base and a collector arranged in a manner
identical to an arrange-         coupled to an emitter of said eighth
transistor, ment of said fifth transistor (T6), said sixth        and an
emitter coupled to said negative rail. transistor (T5), said at least one
eighth transis- tor (T8), and said at least one fourth resistor
PatentansprUche (R4).                                        35 1.
Strom-/Spannungsquelle zwischen einer positi- 11. A voltage/current source
according to Claim 17       vyn und elner negativen Spannungsversor- or 10,
wherein:                                       gungsschiene, die folgendes
umfaBt said eighth output transistors (T8) and said          ein
kreuzgekoppeltes Stromstabilisator-Mit- fourth resistors (R4) are chosen
for each   40        tel mit einem ersten (f1) und einem zweiten
transistor-resistor couple such that an index of      fT2) kreuzgekoppelten
Bipolartransistor, die the emitter area of said eight output transistor
beide Ober einen Emitter verftgen, wobei die (T8) multiplied by the
resistance of said fourth      Emitterflche des ersten Transistors (T1)
grd- resistor (R4) provides a substantially identical      Ber ist als die
EmitterflAche des zweiten Tran- value for each said couple to provide
substan-   45   sistors (T2), mit einem vierten Transistor (T4), tially
equal current outputs.                         der als Diode geschaltet ist
und dessen Basis mit der Basis eines dritten Bipolartransistors 12. A
voltage/current source according to Claim 7         (T3) gekoppelt ist und
dessen Kollektor mit der or 10, wherein:
positiven Schiene gekoppelt ist, wobei der said eighth output transistors
(T8) and said   5o  Emitter des zweiten Transistors (T2) mit der fourth
resistors (R4) are chosen for each             negativen Schiene gekoppelt
ist, transistor-resistor couple such that an index of          einen ersten
Widerstand (R1), der zwi- the emitter area of said eight output transistor
schen den Emitter des ersten Transistors (Ti) (T8) multiplied by the
resistance of said fourth      und die negative Schiene geschaltet ist,
resistor (R4) provides a value which is a binary   55     einen zweiten
Widerstand (R2), der zwi- 



power of another transistor-resistor couple  to    [err]  schen die
positive Schiene und den Kollektor provide substantially binary weighted
current         des dritten Transistors (T3) geschaltet ist, outputs.
einen fUnften Transistor (T6), dessen Kol- 8    15                EP 0 329
232 B1                    16 lektor mit der positiven Schiene gekoppelt
ist,    vierten (T4) und des fUnften (T6) Transistors wobei alle finf
genannten Bipolartransisto-     im wesentlichen dem Emitter des genannten
ren die gleiche Polaritat aufweisen,               zweiten (T2) Transistors
entsprechen. ein Stromspiegel-Mittel zur Spiegelung ei- nes durch einen der
genannten kreuzgekoppel-   5   6. Strom-/Spannungsquelle nach Anspruch 1,
2, ten Transistoren fliefenden Stroms, wobei der      3, 4 oder 5,
gekennzeichnet durch Emitter des fUnften Transistors (T6) mit einem
mindestens einen achten bipolaren Aus- Ausgang des Stromsplegel-Mittels
verbunden         gangstransistor (T8) der gleichen Polaritat, wo- ist,
dadurch gekennzeichnet, daB die Basis des     bei die Basis jedes achten
Ausgangstransistors fUnften Transistors (TO) mit dem Kollektor des  tO
(T8) mit dem genannten Emitter des genann- vierten Transistors (T4)
verbunden ist, daB der    ten fUnften Transistors (T6) gekoppelt ist, der
in elnem  der genannten kreuzgekoppelten           Kollektor jedes achten
Ausgangstransistors Transistoren flieBende gespiegelte Strom der       (T8)
einen hiermit verbundenen Knotenpunkt Kollektorstrom des zweiten
Transistors (T2) ist,   hat und als Stromquelle dient. daB der Emitter des
dritten Transistors (T3) mit  15 dem Kollektor des genannten zweiten
Transi-    7. Strom-/Spannungsquelle nach Anspruch 6, die stors (T2)
verbunden ist und daB der Emitter       weiterhin enthalt: des vierten
Transistors (T4) mit dem Kollektor         mindestens einen vierten
Widerstand (R4), des genannten ersten Transistors (Ti) gekop-       wobel
jeder vierte Widerstand (R4) den Emitter pelt ist.
20       eines der achten Ausgangstransistoren (T8) mit der genannten
negativen Schiene verbindet. 2. Strom-/Spannungsquelle nach Anspruch 1, wo-
bei:                                           8. Strom-/Spannungsquelle
nach Anspruch 7, wo- das genannte Stromspiegel-Mittel einen          bei:
sechsten Bipolartransistor (T5) in Verbindung   25     mindestens ein
achter Ausgangstransistor mit dem genannten zweiten kreuzgekoppelten
(T8) eine Vlelzahl von Ausgangstransistoren Transistor (T2) enthilt, wobel
die Basis des       enthalt und mindestens ein vierter Widerstand sechsten
Transistors (T5) mit der Basis des        (R4) eine entsprechende VieIzahl
von vierten genannten zweiten kreuzgekoppelten Transi-         Widerstanden
(R4) umfaBt. stors (T2) verbunden ist, der Emitter mit dem   30 Emitter des
zweiten kreuzgekoppelten Transi-    9. Strom-/Spannungsquelle nach Anspruch
7, die stors (T2) verbunden ist und der Kollektor mit     weiterhin
enthalt: dem genannten Emitter des fUnften Transistors          einen
neunten Bipolartransistor (T20) der (T6) gekoppelt ist, wobel der Kollektor
des        gleichen Polaritat, dessen Basis mit der Basis genannten zweiten
kreuzgekoppelten Transi-  35     des genannten vierten Transistors (T4,
T14) stors (T2) ein Eingang des genannten Strom-        verbunden ist,
dessen Kollektor mit der positi- spiegels ist.
ven Schiene gekoppelt ist und dessen Emitter mit der Basis des genannten
sechsten Transi- 3. Strom-/Spannungsquelle nach Anspruch 1 odor
stors (T5, Ti 5) verbunden Ist, und 2, die weiterhin enthalt:
40          einen zehnten Bipolartransistor (T19) der einen dritten
Widerstand (R3), der die Ba-      gleichen Polaritat, dessen Kollektor mit
der ge- sis und den Kollektor des genannten vierten        nannten Basis
des genannten sechsten Transi- Transistors (T4) mit der Basis des genannten
stors (T5, T15) verbunden ist, dessen Basis fUnften Bipolartransistors (TO)
verbindet.         mit der Basis des genannten ersten kreuzge- 45
koppelten Transistors (T1, T11) verbunden ist 4. Strom-/Spannungsquelle
nach Anspruch 3, die         und dessen Emitter mit der negativen Schiene
weiterhin enthalt:                                 gekoppelt ist. einen
siebten Bipolartransistor (T7) der gleichen Polaritat, dessen Emitter mit
der Ba-  10. Strom-/Spannungsquelle nach Anspruch 9, die sis des genannten
ftlnften Transistors (T6) ver-  so  weiterhin enthalt: bunden ist, dessen
Basis mit dem Kollektor            eine oder mehrere Stufen, die mit dem
des genannten dritten Transistors (T3) verbun-     Emitter des genannten
neunten Transistors den ist und dessen Kollektor mit der genann-
(T20) und dem Emitter des genannten siebten ten positiven Schiene gekoppelt
ist.               Transistors (T7, T17) verbunden sind, wobei 



55      jede Stufe mehrere Transistoren (T26, T25, 5.
Strom-/Spannungsquelle nach Anspruch 3, wo-         T28) und mindestens
einen Widerstand (R24) bei:
enthlit, die auf gleiche Weise geschaltet sind die Emitterflachen des
dritten (T3), des        wie eine Anordnung aus dem genannten ffnf- 9    17
EP 0 329 232 B1                     18 ten Transistor (TB), dem sechsten
Transistors       jeweiligen achten Transistors (T8) flieBenden (T5),
mindestens einem achten Transistor (T8)       Ausgangsstrom entspricht. und
mindestens einem  vierten Widerstand 9   (R4).
15. Strom-/Spannuihgsquelle nach Anspruch 13, 5       wobei: 11.
Strom-/Spannungsquelle nach Anspruch 7 oder             mindestens ein
zw6lfter Transistor (T44) 10, wobei:
durch mindestens einen dreizehnten Bipolar- die genannten achten
Ausgangstransisto-          transistor (T54b) der gleichen Polalitat fOr
jo- ren (T8) und die genannten vierten Widerstan-       den der genannten
achten Transistoren (T38) de (R4) fUr jedes Transistor-Widerstand-Paar   10
ersetzt wird, wobei die Basis und der Kollektor so gewAhit werden, daB ein
Kennwert der             des dreizehnten Transistors mit dem Emitter
Emitterflache des genannten achten Ausgangs!        des genannten achten
Transistors verbunden transistors (T8) multipliziert mit dem  Wider-
ist und sein Emitter mit der negativen Schiene standswert des genannten
vierten Widerstan-         gekoppelt ist. des (R4) eonen im wesentlichen
Identischen   t5 Wert fOr jedes genannte Paar ergibt, um im
Revendicatlons wesentlichen gleiche Ausgangsstrome zu er- halten.
1. Source de tension et de courant mont6e entre une ligne d'alimentation de
tension positive et t2. Strom-/Spannungsquelle nach Anspruch 7 odor   20
une ligne d'alimentation de tension n6gative et <'  10, wobei:
comportant: die genannten achten Ausgangstransisto-             un moyen de
stabilisation de courant cou- ren (T8) und die genannten vierten Widerstan-
p16 en croix comportant des premier (Ti) et de (R4) fOr jedes
Transistor-Widerstand-Paar        deuxieme (T2) transistors bipolaires
couples so gewihit werden, daB ein Kennwert der  25         en croix et
pr6sentant chacun un 6metteur, la Emitterfliche des genannten achten
Ausgangs-        surface d'6metteur dudit premier transistor transistors
(T8) multipliziert mit dem  Wider-      (Ti) 6tant plus grande que la
surface d'6met- standswert des genannten vierten Widerstan-         tour du
deuxieme transistor (T2), un quatrieme des (R4) einen Wert orgibt, der eine
binare         transistor (T4) montd en diode et presentant Potenz eines
anderen Transistor-Widerstand-   30    une base coupl6e a une base d'un
troisibme Paares ist, um Im wesentlichen binar gewichte-      transistor
bipolaire (T3) et un collecteur couple to Ausgangsstr6me zu erhalten.
a la ligne positive, Iemetteur du deuxibme transistor (T2) etant coupl6 A
la ligne negative, 13 Strom-/Spannungsquelle nach Anspruch 6, die
une premiere r6sistance (R1) coupl6e en- weiterhin enthalt:
35      tre l'emetteur du premier transistor (T1) et la einen elften
Bipolartransistor (T37) der         ligne n6gative, gleichen Polaritat, der
als Diode geschaltet ist        une deuxibme resistance (R2) couplee en-
und dessen Emitter und Kollektor mit dem            tre la ligne positive
et un collecteur du troisie- Kollektor des genannten vierten Transistors
me transistor (T3) <>   (T34) bzw. mit der Basis des fUnften Transi-  40
un cinquieme transistor (T6) dont un col- stors (T36) gekoppelt ist,
lecteur est coupl6 a la ligne positive. mindestens einen zw6iften
Bipolartransi-            lesdits premier a cinquieme transistors bi- stor
(T44) der gleichen Polaritit f(r jeden ach-    polaires pr6sentant tous la
m~me polarite, ten Transistor (T38), wobei die Basis des               un
moyen de miroir de courant pour refl6- zwolften Transistors (T44) mit dem
Kollektor  45    ter un courant circulant dans lun desdits tran- des
genannten ersten kreuzgekoppelten Tran-         sistors couples en croix,
un 6metteur du cin- sistors (T31) verbunden ist, der Kollektor mit
quieme transistor (T6) etant coupl6 a une sor- dem Emitter des
entsprechenden achten Aus-          tie du moyen de miroir de courant.
caracteris6 gangstransistors (T38) gekopppelt ist und der       en ce que
la base du cinquibme transistor (TB) Emitter mit der genanrnten negativen
Schiene   50   est coupl6e au collecteur du quatribme transis- verbunden
ist.                                      tor (T4), on co que ledit courant
refletd cir- culant dans l'un desdits transistors coupl6s en 14.
Strom-/Spannungsquelle nach Anspruch 13,            croix est le courant de
collecteur du douxibme 



wobei:                                              transistor (T2), en ce
que l emetteur du troisie- mindestens ein vierter Widerstand (R4) so   55
me transistor (T3) est coupl6 a un collecteur gewih it wird, daB sein
Widerstandswert im we-      dudit deuxieme transistor (T2) et en ce que
sentlichen der Bandlcken-Spannung des Sili-        I emetteur du quatribme
transistor (T4) est cou- ziums geteilt durch einen zu dem Kollektor des
ple A un collecteur dudit premier transistor 10 I HIJIIC 111111 111111111
111    19                 EP 0 329 232 B1                    20 (T1).
8. Source de tension et de courant selon la re- vendication 7, dans
laquelle: 2. Source de tension et de courant selon la re-             au
moins l'un desdits huitieme transistors v'%~.d   vendication 1, dans
laquelle:                      de sortie (T8) comporte plusieurs
transistors ledit moyen de miroir de courant comporte   5    de sortie et
au moins lune des quatribmes un sixieme transistor bipolaire (T5) en combi-
r~sistances (R4) comporte un nombre corres- naison avec ledit deuxilme
transistor coupl6        pond de quatriemes resistances (R4). on croix
(T2), ledit sixieme transistor (T5) pre- sentant une base couplee a une
base dudit        9. Source de tension et de courant selon la re- deuxibme
transistor couple en croix (T2), un   10   vendication 7, comportant
davantage: emetteur coupi6 a un 6metteur dudit deuxibme            un
neuvibme transistor bipolaire (T20) pr6- transistor couple en croix (T2) et
un collecteur    sentant la meme polarite et comportant une couple audit
6metteur dudit cinquibme transis-      base couplee a une base dudit
quatrieme tran- tor (T6), ledit collecteur dudit deuxieme tran-     sistor
(T4, T14), un collecteur couple A ladite sistor coupl6 en croix (T2) 6tant
une entr6e   15   ligne positive et un emetteur couple a une dudit miroir
de courant.                            base dudit sixibme transistor (T5,
Ti 5) et un dixieme transistor (T19) presentant la 3. Source de tension et
de courant selon la re-         meme polarite et comportant un collecteur
vendication 1 ou 2, comportant davantage:           couple a ladite base
dudit sixibme transistor une troisibme resistance (R3) assurant le  20
(T5, T15), une base couplee a ladite base W      couplage de ladite base et
du collecteur dudit       dudit premier transistor coupl6 en croix (Ti,
quatribme transistor (T4) a une base dudit          Ti 1) et un 6metteur
coupl6 & ladite ligne nega- cinquibme transistor bipolaire (T6).
tive. 4. Source de tension et de courant selon la re-  25   10. Source de
tension et de courant selon la re- vendication 3, comportant davantage:
vendication 9, comportant davantage: un septieme transistor bipolaire (T7)
pr6-          un ou plusieurs etages couple(s) audit sentant la meme
polarit6 et comportant un           emetteur dudit neuvibme transistor
(T20) et emetteur coupIl a une base dudit cinquieme          audit 6metteur
dudit septibme transistor (T7, transistor (T6), une base couplee audit
collec-  30  T17), chaque etage comportant plusieurs tran- teur dudit
troisibme transistor (T3) et un collec-  sistors (T26, T25, T28) et au
moins une r6sis- teur couple & ladite ligne positive.                tance
(R24) disposee d'une fagon identique par rapport A un systeme dudit
cinquieme 5. Source de tension et de courant selon la re-
transistor (T), dudit sixibme transistor (T5), au vendication 3, dans
laquelle lesdits troisieme   35  moins l'un desdits hultiemes transistors
(T8) et (T3), quatribme (T4) et cinquieme (T6) transis-     au moins l'une
desdites quatrlemes resistan- tors presentent des surfaces d'emetteur
prati-      ces (R4). quement egales a l'emetteur dudit deuxibme transistor
(T2).                                 11. Source de tension et de courant
solon la re- 40      vendication 7 & 10, dans laquelle 6. Source de tension
et de courant selon la re-            Iesdits huitiemes transistors de
sortie (T8) vendication 1, 2, 3, 4 ou 5, caracteris6e par au    et lesdites
quatribmes resistances (R4) sont moins un huitibme transistor de sortie
bipolaire    choisis   pour   chaque    couple   de (TB) presentant la meme
polarite, chaque hui-       transistor/resistance de fagon qu'un indice de
tieme transistor de sortie (T8) presentant une   45  la surface d'emetteur
dudit huitibme transistor base coupl6e audit 6metteur dudit cinquieme
de sortie (T8) mufplie par la valeur ohmique transistor (T6) et chaque
huitibme transistor de    de ladite quatrieme resistance (R4) fournit une
sortie (T8) presentant un collecteur avec un        valeur pratiquement
identique pour chaque noeud y couple agissant comme source de
couple pour d6livrer des signaux de sortie de courant.
50      courant pratiquement 6gaux. 7. Source de tension et de courant
selon la re-     12. Source de tension et de courant selon la re-
vendication 6, comportant davantage:                vendication 7 a 10,
dans laquelle 



au moins une quatrieme resistance (R4),             lesdits huitiemes
transistors de sortie (T8) chaque quatribme resistance (R4) assurant le  55
et lesdites quatribmes resistances (R4) sont couplage d'un 6metteur d'un
huitibme transis-       choisis   pour   chaque    couple   de tor de
sortie (T8) A ladite ligne n6gative.         transistor/resistance de fagon
qu'un indice de la surface d'6metteur dudit huitibme transistor 11 I
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22 de sortie (T8) multipli6 par la valeur ohmique de ladite quatribme
r6slstance (R4) fournit une valeur qui est une puissance binaire d'un autre
9 couple de transistor/resistance p6Ur delivrer des signaux de sortie de
courant ponderes de   5 fagon pratiquement binaire. 13. Source de tension
et de courant selon la re- vendication 6, comportant davantage: un onzibme
transistor bipolaire (T37) pre-  1o sentant la meme polarit6 et monte en
diode et comportant un emetteur et un collecteur cou- ples respectivement
au collecteur dudit qua- trieme transistor (T34) et a la base du cinquie-
me transistor (T36),                       15 au moins un douzieme
transistor bipolaire (T44) pr6sentant la m~me polarit6 pour chaque huitieme
transistor (T38), chaque douzieme transistor (T44) pr6sentant une base
coupl6e audit collecteur dudit premier transistor coupI6  20 en croix
(T31), un collecteur coupl6 audit 6metteur de son huitieme transistor de
sortie correspondant (T38) et un 6metteur couple & ladite ligne n6gative.
25 14. Source de tension et de courant selon la re- vendication 13, dans
laquelle: au moins l'une desdites quatriemes resis- tances (R4) est choisie
de fagon & presenter une resistance pratiquement egale a la tension   30 de
bande interdite de silicium divis6e par un courant de sortie circulant vers
un collecteur d'un huitieme transistor respectif (T8). 15. Source de
tension et de courant selon la re-  35 vendication 13, dans laquelle au
moins un dou- zieme transistor (44) est remplace par au moins un treizieme
transistor bipolaire (T54b) pr6sentant la m8me polarite pour chacun des- K
dits huitifmes transistors (T38). ledit treizieme   40 transistor
presentant une base et un collecteur couples a un emetteur dudit huitibme
transistor et un 6metteur coupl6s a ladite ligne negative. 45 50 55    


